Reduced ischemic injury after stroke in mice by angiogenic gene delivery via ultrasound-targeted microbubble destruction.
Angiogenic gene therapy in patients with cerebral infarcts may have clinical benefit, but its potential is diminished by the difficulty of introducing genes into the brain. We evaluated the safety and efficacy of ultrasound-targeted microbubble destruction (UTMD) for delivery of genes to the brains of normal mice and after transient middle cerebral artery occlusion. In normal mice, disruption of the blood-brain barrier detected with trypan blue staining was reversible within 24 hours of a single UTMD administration. Expression of reporter genes in the brain after UTMD demonstrated successful targeted gene delivery and transfection. Decreased neurologic function after transient middle cerebral artery occlusion was attenuated versus controls at 7 days after UTMD delivery of vascular endothelial growth factor. Ultrasound-targeted microbubble destruction delivery of the VEGF gene resulted in decreased infarct areas, increased vessel density, and reduced apoptosis versus controls. There was no evidence of permanent brain injury throughout the study. Thus, UTMD was a safe, minimally invasive, effective technique for gene delivery to the brain. Vascular endothelial growth factor transfection of brain cells conferred beneficial effects on histopathologic parameters and neurologic function, and stimulated angiogenesis in a mouse stroke model.